Study of the Influence of Cutting Parameters on the Ultimate Tensile Strength (UTS) of UNS A92024 Alloy Dry Turned Bars  by Gómez-Parra, A. et al.
 Procedia Engineering  63 ( 2013 )  796 – 803 
Available online at www.sciencedirect.com
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Universidad de Zaragoza, Dpto Ing Diseño y Fabricacion
doi: 10.1016/j.proeng.2013.08.250 
ScienceDirect
The Manufacturing Engineering Society International Conference, MESIC 2013 
Study of the influence of cutting parameters on the Ultimate 
Tensile Strength (UTS) of UNS A92024 alloy dry turned bars 
A. Gómez-Parraa,*, F. J. Puertaa, E.I. Rosalesb, J.M. González-Madrigala, M. Marcosa 
aMechanical Engineering and Industrial Design Department, University of Cadiz, c/ Chile 1, Cadiz E-11002, Spain 
b Department of Structural Mechanic, Central American University "José Simeón Cañas", Bulevar Los Próceres, La Libertad, El Salvador 
Abstract 
High compression forces developed during machining processes -and the subsequent energy transferred - carry on changes in 
the workpiece surface. These changes are usually evaluated only from dimensional or geometrical viewpoints and less 
frequently form the point of view of the physicochemical surface properties. Notwithstanding, some works relating geometrical 
and physicochemical properties of machined surfaces can be found in the literature. It is well known that geometrical features 
of machined surfaces are strongly related to the cutting parameters. Therefore, it can be thought that physicochemical properties 
of machined surfaces depend strongly on machining parameters. This work reports on the results of a study of the influence of 
the turning parameters on the Ultimate Tensile Strength (UTS) of turned bars of UNS A92024 Aluminium-Copper alloy. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Universidad de Zaragoza, Dpto Ing Diseño y Fabricacion. 
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1. Introduction 
Currently, manufacturing processes performance has not been evaluated exclusively from an economical 
viewpoint. Nowadays, issues like productivity, productive efficiency and, hence, performance are terms that should 
be treated according to new directions that cannot be considered independent. In effect, according to Tupa (2010) 
and Gómez-Parra et al. (2012) the performance of any productive system should be evaluated in agreement -
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besides economic criteria- with environmental, energetic efficiency and product functionality. All these aspects are
interconnected and all they have a significant influence in the manufacturing process performance. In fact, this 
performance could be considered the center of gravity in the so called
where the main aspects are located in the vertices Salguero (2013).
In machining processes, economical performance has been sought through optimizing machining paths and
using machining tools with a high tool life. Economic performance has been reduced to compensate negative
effects that provoke the increase of tool wear due to non-use of refrigerants or coolants by Dahmus et al. (2004). At 
present, annual worldwide consumption of these hazardous cutting fluids to the environment is about 1.360 million 
litres. At the same time, it has an economic impact since the use of cutting fluids is between 7 and 17% the cost of 
machined elements by Dahmus et al. (2004), Jayal et al. (2010), Pusavec et al. (2010) and Pusavec et al. (2010).
Fig. 1. Manufacturing Performance Tetrahedron.
These factors can also affect negatively energetic performance, not only because of inefficient machining cycles
but also by the excessive power consumption, according to Dahmus et al. (2004).
On the other hand, functional performance of machined workpieces has been limited to evaluate surface
integrity of the obtained products. Moreover, surface integrity has been reduced to evaluate surface finish through
studying the microgeometrical deviations determined from studies of roughness average. Notwithstanding, in the
last years, it can be found studies that evaluate some mechanical properties, mainly hardness and residual stresses,
Trent et al. (2000) and El-Axir (2002). Furthermore, it is well-known that geometric features of the machined
surfaces -one of the aspects that influence the functionality of the components- are strongly related to cutting
parameters. So, it can be thought that physicochemical properties of machined surfaces depend on machining
conditions, Jawahir et al. (2011), Javidi et al. (2008) and Novovic et al. (2004).
However, other important physicochemical properties -often related to surface integrity variables- of the
behaviour in service of machined parts are usually not considered in studies about machining process performance.
Therefore, there is a lack of research about the influence of machining processes on the functionality of the
workpieces through the main properties that must be taken into account when the product is in service.
Physicochemical properties, which determine functional performance of the product, are affected by the
manufacturing processes. Particularly, the implementation of clean machining technologies such as minimum
quantity of lubricant (MQL) or dry machining could influence negatively these properties.
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This paper forms part of a R&D project about the assessing of functional performance in machining of 
aeronautical materials, particularly Aluminium alloys. The results of the influence of cutting parameters on 
Ultimate Tensile Strength (UTS) of UNS A92024 alloy in dry turning specimens are presented. This alloy is 
usually used in high loaded airship structural parts. 
2. Experimental analysis 
Test samples were obtained from UNS A92024 Al-Cu alloy bars of diameter 12.7 mm and length 2000 mm. 
Alloy composition is shownd in Table 1. 
                       Table 1. Composition of aluminium-copper alloy UNS A92024 (% weight). 
Cu Mg Mn Si Fe Zn Ti Cr Al 
4.0 1.5 0.6 0.5 0.5 0.25 0.15 0.10 Rest 
 
Cylindrical samples for tensile testing were dry turned according to standards ISO 6892-1 (2009) and ISO 1143 
(2010), Figure 2, using an Emco Concept TURN 55 CNC Lathe. These samples were designed in this way to avoid 
wrong data in mechanical testing. A neck diameter too small or a non-smooth radius, for example, could result in 
an inadequate design that causes stress concentration in these areas. 
 
 
 
 
 
 
 
 
 
Fig. 2. Specimen geometry for tensile test, designed according to ISO 6892-1(2009) and ISO 1143 (2010). 
However, considering the aim of this investigation, the microgeometry of the specimens was not uniformed for 
all the cases, because of cutting parameters applied were variable. Thus, feeds, f, from 0.02 to 0.2 mm/rev, cutting 
speeds, V, from 10 to 40 m/min and depth of cut, d, 0.25 mm -only for last pass- were applied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. CNC Lathe Emco Concept TURN 55. 
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Dry turning tests were carried out in a two-step process. Firstly, preforms were machined close to final 
dimensions from bar of diameter 12.7 mm. Secondly, final pass (0.25 mm depth) was carried out using a new tool 
with the cutting conditions above referred. Removable uncoated WC-Co inserts (from SECO, ref. DCMT 070208-
F2 HX) as cutting tools were used. Microgeometrical deviations of dry turned workpieces were evaluated in terms 
of roughness average, Ra. Roughness measurements were carried out using a roughness tester Mahr Perthometer 
M1. 
Finally, to evaluate UTS of the specimens were carried out tensile tests using a tensile-compression testing 
machine Shimadzu Autograph AG-X (50 kN). Each tension test as stated in ISO 6892-1 standard, at room 
temperature were performed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) Tensile and compression testing machine Shimadzu Autograph AG-X (50 kN). (b) Grips area during test. 
The parameters used for tensile test were the following ones: 
 
 The loading in elastic region was applied with a constant rate fixed in 20 N mm-2 s-1. In this region an 
extensometer was used, as shown in Fig.4(b) 
 Once the yield point was reached, the test was stopped in order to take extensometer out. The rate of 
loading was changed to a constant deformation rate fixed in 10 mm/min. 
 
A software to control the tensile test was used, this software registered the test outputs. The graphical 
representation -including Ultimate Tensile Strength (UTS) - of the outputs for every specimen were obtained. 
3. Results and Discussion 
As it has been said in the experimental section, samples surface quality were measured before tensile test.  The 
parameter used to evaluate microgeometric features was roughness average (Ra). Figure 5 plots the Ra evolution as 
a function of feed for the different cutting speeds applied.  
As it can be observed in Figure 5, when feed increase, Ra values also increase, regardless of the cutting speed. 
These results are in good agreement with previous studies carried out in Aluminium alloys (Al-Cu, Al-Zn) of 
higher diameter -factor ten- in similar dry cutting conditions, Gómez-Parra et al. (2012), Rubio et al. (2005) and 
Carrilero et al. (2002). In accordance with this, surface quality gets worst when feed rate increases, for all the 
cutting speeds used. 
  
a b 
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On the other hand, it can also be observed that the influence of the cutting speed in the surface quality is 
increased as the feed increase, Figure 5. At the same time, there was a tendency to the independence of V as f 
decrease. 
In any case, only there was a slight tendency of the increase in V for any feed, a singularity for highest feed 
when cutting speed is 20 m/min was noted. 
 
Fig. 5. Roughness average (Ra) depending on feed (f) for different cutting speeds (V). 
 
The low cutting speeds applied provoke a fast inclusion of workpiece material over tool surface. This fact gives 
rise to the appearance of secondary adhesion phenomena such as Built Up Layer (BUL) and Built Up Edge (BUE), 
which directly influences on the Ra values, Gómez-Parra et al. (2012), Trent et al. (2000) and El-Axir (2002). 
Indeed, at these cutting speeds, and for higher feeds, the irregular evolution of the BUL and BUE cause 
singularities in the values of Ra, Gómez-Parra et al. (2012), Rubio et al. (2005) and Carrilero et al. (2002). 
On the other hand, as it was aforementioned, a partial first evaluation of functionality of the dry turned 
workpieces has been carried out. To complete this stage the results from tensile test until failure were studied. 
It is well known that mechanical properties of machined parts depend directly on microgeometrical and 
physicochemical surface conditions. That is to say, a direct relationship between surface integrity -particularly, 
roughness - and mechanical properties must be found. In fact, studies performed by different authors in last 
decades have shown that crack initiation and growth begin usually in material surface defects, El-Axir (2002), 
Jawahir et al. (2011), Javidi et al. (2008), Griffiths (2001) and Jeelani et al. (1984). This can be explained on the 
basis than the higher loads are withstood by the external surface layers. Therefore, as outlined above, a reduction in 
tensile strength induced by a feed increase could be expected. This is because of the increase of this parameter (f) 
gives rise to worse surface quality. Ultimate Tensile Strength (UTS) has been chosen as main variable to study in 
this paper. In a Stress-Strain Curve, ultimate tensile strength is the highest point obtained. In Figure 6, stress-strain 
curves corresponding to specimens machined at speed 10 m/min and different feeds are shown. It can be observed 
that tensile strength tends to decrease when feed increase; this is in agreement with all the previously exposed. 
However, when the evolution of UTS as function of cutting speed is analyzed, an approximately linear trend can 
be noticed, Figure 7. This tendency is not observed in Ra-f graph, Figure 6. 
In spite of that, as it can be observed in Figure 7, the best results have been obtained for the three lowest feed 
values, in good accordance with that observed in the Ra(V,f) curves, Figure 6. Therefore, it could be stated that 
feeds affect negatively to Ra and UTS. On the other hand, the maximum value of UTS was obtained for the highest 
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value of cutting speed, which corresponds to the minimum value of Ra. Accordingly, the best surface conditions
(roughness and UTS) were obtained when highest cutting speed and lowest feed were applied.
Fig. 6. Stress-strain curves for tensile testing at speed 10 m/min.
Fig 7. Evolution of Ultimate Tensile Strength (UTS) as a function of cutting speed (V) for the different feeds applied.
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Nevertheless, by comparing Figures 5 and 7, it is not possible to establish a direct relationship between Ra and 
UTS. Indeed, in spite of the influence that surface finish has on UTS there are another physicochemical properties 
that may have more relevance. Among others, residual stress or microhardness could play an important role in the 
functionality of the machined parts; thereby, it is necessary to introduce these properties in upcoming studies. 
 
4. Conclusions 
A study of the influence of cutting parameters on Ultimate Tensile Strength (UTS) of dry turned UNS A92024 
alloy samples and its relationship with surface roughness has been carried out. 
 
From the analysis of the results it can be concluded: 
 
1. Feed rate has a negative influence on the surface quality of machined specimens, evaluated it in terms of 
Roughness average (Ra). 
2. The influence of cutting speed on the surface finish becomes more noticeable for high feeds. 
3. The best surface finish for the highest values of the cutting speeds was obtained for lowest feed. 
4. An increase of feed causes a decrease of ultimate tensile strength, UTS. 
5. On the other hand, increasing the cutting speed causes the increase of UTS parameter. Therefore, a more 
noticeable influence than Ra is manifested. 
6. The obtained results do not allow ensuring the existence of a relationship between UTS and Ra. 
7. Future works must take into account other variables that have a remarkable influence on surface integrity. 
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